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JAPAKESE PATENT LAID-OPEN PUBLICATION NO. HEISEI 8-306853 

{TITLE OF THr INVENTION') 
SEMICONDUCTOR DEVICE, FASRICATIOK METHOD -r.Z?.tZ: . 
AND FABRICATION METHOD FOR LEAD FRAME 

[CLAIMS) 

1. A semiconductor device including a semiconductor chip 
provided with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: 

protrusions are formed on the leads, respectively, in 
such a fashion that they have a second pitch different from the 
first pitch; and 

the resin encapsulate is arranged to encapsulate the 
wiring connected between the electrode pads and the leads while 
allowing the protrusions to be exposed. 

2. A semiconductor device including a semiconductor chip 
provided with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: 

protrusions are formed on the leads, respectively, in 
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such a fashion that they have a second pitch different fror. zre 

first pitch; and 

the resin encapsulate has a thickness from a surface cf 

the semiconductor chip formed with the electrode pecs r.zz r.cre 

than a height from the semiconductor chip surface to each 
protrusion, but not less than the height from the semiconductor 
chip surface to the wiring. 

3. The semiconductor device according to claim 1 or 2, 
wherein the semiconductor chip and the leads are bonded together 
by an adhesive comprised of a polyimide film. 

4. The semiconductor device according to any one of 
claims 1 to 3, wherein each of the protrusions is formed in such 
a fashion that it is integrally wirh an associated one of the 
leads. 

5. The semiconductor device according to any one of 
claims 1 to 4, wherein the wiring comprises wires. 

6. The semiconductor device according to any one of 

claims 1 to 5, wherein each of the protrusions is formed with a 
bump. 

7. A method for fabricating e semiconductor device 


2 


US 
6-306653 

comprising zhe steps of: 

forming leads each provided wirh a prorrusion ei a recaor. 
where an outer connecting terminal is to be formec; 

arranging a polyimide film on at least one o: the leads 
and the semiconductor chip, pressing the leads and the 
semiconductor chip by a desired pressure while interposing the 
polyimide film between the leads and the semiconductor chip, and 
heating the polyimide film to a desired temperature to allow the 
polyimide film to serve as an adhesive, thereby bonding the 
leads and the semiconductor chip together; 

connecting the electrode pads formed on the semiconductor 
chip to the leads by a wiring, respectively, thereby 
electrically connecting the electrode pads and the leads 
together; and 

forming a resin encapsulate adapted to partially or 
completely encapsulating the wiri;ig and the semiconductor chip 
while allowing each of the protrusions to be exposed at a tip 
surface thereof. 

8. The method according to claim 7, wherein a 
thermoplastic adhesive is applied to both surfaces of the 
polyimide film when the leads and the semiconductor chip are 
bonded together by the polyim.ide film at the bonding step. 


. The method according to claim 7 or 6, wherein the 
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electrode pads and the leads are electrically connedred tooethe: 
using a direct lead bonding process at the connecting step. 

10. A lead frame provided with a pl-jrality of lears eec.-. 
having an inner lead portion and an outer lead portion, where:- 

the inner lead portion have a lead pitch less than a lead 
pitch of the outer lead portions, and each of the outer lead 
portion has a protrusion integrally formed therewith. 

n. The lead frame according to claim 10, wherein the 
lead pitch (Pout) of the outer lead portions is substantially 
equal to the thickness (W ) of each lead at a region where the 
protrusion is formed, and the lead pitch (Pin) of the inner lead 

portions corresponds to about half the lead pitch (Pout) of the 

outer lead portions (Pin « Pout/2) . 

12. A method for fabricating a lead frame according to 
claim 10 or 11, comprising: 

a primary etching step for conducting a half-etching 
process for a blank while using a mask arranged on the blank at 
the protrusion forming region; and 

a secondary etching step for conducting a half-etching 
process for the blank while using a mask arranged on the blank 
fit the lead forming region. 
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13. A method for fabricating a lead frame acccrdinc to 
claim 10 or 11, comprising the steps of: 

preparing a first blank and a second blank respertivelv 
having thicknesses selected in such a fashicn that thev heve a 
total thickness corresponding to the height of the protrusions 
when they are overlapped with each others- 
forming a lead pattern having a planar shape 
corresponding to the shape of the leads on the first blanks- 
forming a protrusion pattern on the second blank in such 
a fashion that the protrusion pattern is arranged at the 
protrusion forming regions- 
overlapping the first blank formed with the lead pattern 
and the second blank formed with the protrusion pattern 
together, and bonding the first and second blanks to each other 
in such a fashion that the lead pattern and the protrusion 
pattern are overlapped with each other at the protrusion forming 
region; and 

removing unnecessary portions of the first and second 

blanks. 

K. A method for fabricating a lead frame according to 
claim 10 or 11 comprising the steps of: 

forming a lead pattern having a planar shape 
corresponding to a shape of the leads on a blank; and 

forming the protrusions at a desired region on the lead 
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patiern after completion of the Jead pattern forming stec. 

lb. The method according to claim 14, wherein the 
protr-jsion forming step is achieved by overlapping one cr r.cre 
bumps on the lead pattern at a desired region to form the 
protrusion. 


16. The method according to claim 14, wherein the 
protrusion forming step is achieved by arranging a conductive 
member on the lead pattern at a desired region to form the 
protrusion. 


17. The method according to claim 14, wherein the 
protrusion forming step is achieved by subjecting a desired 
portio.7 -of the lead pattern to a plastic shaping process to form 
the protrusion. 


[DETAILED DESCRIPTION OF THE INVENTION) 

(FIELD OF THE INVENTION) 

The present invention relates to a semiconductor device, 
a method for fabricating the semiconductor device, and a method 
for fabricating a lead frame used in the semiconductor device. 
In particular, the present invention relates to a semiconductor 
device having a structure encapsulating a semiconductor chip and 
leads by resin, a method for fabricating the semiconductor 
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device, and a method for fabricating a lead frame used in the 
semiconductor device. 

T^e recent trend of electronic appliances to be down- 
sized has resulted in efforts to achieve an increased ob-slzv 
and increased mounting efficiency of semiconductor devices. Zz 
is also expected to obtain an improvement in the reliability of 
electronic appliances. In addition, there is demand for an 
improvement in the reliability of semiconductor devices. 
Furthermore, it is expected for semico.nductor devices to achieve 
a reduction in costs. 

Accordingly, developments of semiconductor devices 
capable of satisfying the above mentior.ed demands are strongly 
reouired. 


15 I DESCRIPTION or 7KE PRIOR k?,7] 

.^ece.ntly, a flip chip type mcur.ting structure has been 
proposed as a scheme capable of achieving a high-density 
mounting. Such a flip chip type mounting structure is widely 
used in multi chip modules (MCMs) . m accordance with the flip 
Chip mounting scheme applied to KCKs, .no resin encapsulate is 
formed. Instead, bumps are formed on electrode pads of a 
semico.nductor chip (bare chip;, respectively. m this case, 
mou.nting of t.he bare chip is achieved by bonding the bare chip 
to electrode portions formed on e circuit board (mot.her board) 
in a face down bonding teshior.. 
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In accordance with the use of the flip chip type r.our.-.ir. 
structure, it is possible to mount semiconductor devices on a 
mother board at d high density. An ixprovement ir. electr-ca^ 
characteristics is also achieved because the ser.iccncj--'-. 
devices are electrically connected to the mother board by .T.ec.-.s 
of bumps directly formed on the bare chips of the semiconductor 


devices. 


[SUBJECT >'A7-Z?.S TO BE SOLVED BY THE INVENTION) 

However, the bare chips not encapsulated by resin involve 
problems in that they exhibit a degradation in heat resistance, 
mechanical strength, and temperature resistance. .-rt.K.ermore, 
Since bur-.ps are directly formed on electrode pads formed on each 
bare chip, t.he layout of the electrode pads formed on the bare 
Chip is rendered to be the layout of o.ter connecting terminals 
(bumps) as it is. 

Generally, semiconductor chips have different layouts of 
electrode pads thereof in accordance with the manufacturers 
thereof. Accordingly, even for semiconductor devices having the 
same function, the user should design a wiring pattern of the 
mother board to match the kind of those semiconductor devices 
(manufacturer, . conventional mounting structure using 

bare chips, there are problems of a degradation in the matching 
Ability Of semiconductor devices to the mother board and an 
increased burden to the user because no standardization for 
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outer electrode terminals of semiconductor devices is r.ade. 

In order to solve the above mentioned problems, the 
standardization may probably be made by processing the surface 
of a chip and forming a wiring on the processed chip s-rfare. 
However, this scheme requires a number of processes with a hich 
accuracy to form a desired wiring. Furthermore, there are 
problems of an increase in costs and a degradation in the 
efficiency of production. 

The present invention has been made in view of the above 
mentioned problems, and an object cf the invention is to provide 
a semiconductor device, a method for fabricating the 
semiconductor device, and a method for fabricating a lead frame 
used in the semiconductor device, which are capable of achieving 
a standardization of outer electrode terminals to keep the 
reliability of a semiconductor chip used, a reduction in costs, 
and an improvement in the efficiency of production. 

(MEANS FOR SOLVING THE SUBJECT MATTERS) 

The above subject matters can be solved by the following 

means. 

The invention of claim 1 is characterized by a 
semiconductor device including a semiconductor chip provided 
with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
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semiconductor chip, wherein: protrusions are formec on the 
leads, respectively, in such a fashion that they have a second 
pitch different from the first pitch; and the resin encapsulate 
is arranged to encapsulate the wiring connected between tr.e 
electrode pads and the leads while allowing the protrusions tr 
be exposed. 

The invention of claim 2 is characterized by a 

semiconductor device including a semiconductor chip provided 
with electrode pads formed to have a first pitch, leads 
electrically connected to the electrode pads by a wiring, 
respectively, and a resin encapsulate for encapsulating the 
semiconductor chip, wherein: protrusions are formed on the 
leads, respectively, in such a fashion that they have a second 
pitch different from the first pitch; and the resin encapsulate 
has a thickness from a surface of the semiconductor chip formed 
with the electrode pads not more than a height from the 
semiconductor chip surface to each protrusion, but not less than 
the height from the semiconductor chip surface to the wiring. 

The invention of claim 3 is characterized by the 
semiconductor device according to claim 1 or 2, wherein the 
semiconductor chip and the leads are bonded together by an 
adhesive comprised of a polyimide film. 

The invention of claim 4 is characterized by the 
semiconductor device according to any one of claims 1 to 3, 
wherein each of the protrusions is formed in such a fashion that 
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it is integrally with an associated one of the leads. The 
invention of claim 5 is characterized by the seir.iconcurtcr 
device according to any one of claims 1 to 4, w.^ereir. the winr.c 
comprises wires. 

The invention of claim 6 is characterized by the 
semiconductor device according to any one of claims 1 to 5 , 
wherein each of the protrusions is formed with a bump. The 
invention of claim 4 is characterized by a method for 
fabricating a semiconductor device comprising the steps of: 
forming leads each provided with a protrusion at a region where 
an outer connecting terminal is to be formed; arranging a 
polyimide film on at least one of the leads and the 
semiconductor chip, pressing the leads and the semiconductor 
chip by a desired pressure while interposing the polyimide film 
between the leads and the semiconductor chip, and heating the 
polyimide film to a desired temperature to allow the polyimide 
film to serve as an adhesive, thereby bonding the leads and the 
semiconductor chip together; connecting the electrode pads 
formed on the semiconductor chip to the leads by a wiring, 
respectively, thereby electrically connecting the electrode pads 
and the leads together; and forming a resin encapsulate adapted 
to partially or completely encapsulating the wiring end the 
semiconductor chip while allowing each of the protrusions to be 
exposed at a tip surface thereof. 

The invention of claim 8 is characterized by the method 
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according ro claim 7, wherein a thermoplastic adhesive is 
applied to both surfaces of the polyimide fiiiri when the leads 
and the semiconductor chip are bonded together by the uclvir.ide 
film ct the bonding step. 

The invention of claim 5 is charapteri zed by the method 
according to claim 1 or 8, wherein the electrode pads and the 
leads are electrically connected together using a direct lead 
bonding process at the connecting step. 

The invention of claim 10 is characterized by a lead 
frame provided with a plurality of leads each having an inner 
lead portion and an outer lead portion, wherein the inner lead 
portion have a lead pitch less than a lead pitch of the outer 
lead portions, and each of the outer lead portion has a 
protrusion integrally formed therewith. 

The invention of claim 11 is characterized by the lead 
frame according to claim 10, wherein the lead pitch (Pout) of 
the outer lead portions is substantially equal to the thickness 
(W ) of each lead at a region where the protrusion is formed, 
and the lead pitch (Pin) of the inner lead portions corresponds 
to about half the lead pitch (Pout) of the outer lead portions 
(Pin = Pout/2). The invention of claim 12 is characterized by a 
method for fabricating a lead frame according to claim 10 or 11, 
comprising: a primary etching step for conducting a half-etching 
process for a blank while using a mask arranged on the blank at 
the protrusion forming region; and a secondary etching step for 
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conducting a half-etching process for the blank while using a 
mask arranged on the blank at the lead forr.inc region. 

The invention of claim 13 is characterized by a method 
fcr fabricating a lead frame accorciriO to clairr. 10 or 11, 
comprising the steps of; preparing a first blank and a second 
blank respectively having thicknesses selected in such a fashion 
that they have a total thickness corresponding to the height of 
the protrusions when they are overlapped with each other; 
form.ing a lead pattern having a planar shape corresponding to 
the shape of the leads on the first blank; forming a protrusion 
pattern on the second blank in such a fashion that the 
protrusion pattern is arranged at the protrusion forming region; 
overlapping the first blank formed with the lead pattern and the 
second blank formed with the protrusion pattern together, and 
bonding the first and second blanks to each other in such a 
fashion that the lead pattern and the protrusion pattern are 
overlapped with each other at the protrusion forr.ing region; and 
rem.ovinc unnecessary portions of the first and second blanks. 

The invention of claim I A is characterized by a method 
for fabricating a lead frame according to claim 10 or 11 
comprising the steps of: forming a lead pattern having a planar 
shape corresponding to a shape of the leads on a blank; and 
forming the protrusions at a desired region on the lead pattern 
after com^pletion of the lead pattern form.ing step. 

The invention of claim lb is characterized by the method 
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according to claim 14, wherein the protrusion forming steo is 
achieved by overlapping one or more bumps on the lead patterr. a 
a desired region to form the protrusion. 

The invention of claim 16 is characterizes by tl-.e rietr.oo 
according to claim 14, wherein the protrusion forming step is 
achieved by arranging a conductive member on the lead pattern a 
a desired region to form the protrusion. 

The invention of claim 17 is characterized by the method 
acccrding to claim 14, wherein the protrusion forming step is 
achieved by subjecting a desired portion of the lead pattern to 
a plastic shaping process to form the protrualoa.. 

[rUNCTZONS) 

Each of the above mentioned means serves as follows. 

In accordance with the invention of claims 1 and 2, it is 
possible to achieve an improvement in heat resistance, 
mechanical strength, and temperature resistance. Since the 
electrode pads and leads are connected together using wires, it 
is possible to set the layout of the leads irrespective of the 
layout of the electrode pads. An improvement in the matching 
ability cf the semiconductor device to the circuit board. The 
resin encapsulate provides an improvement in reliability because 
it surely protects the connected wires. Since the outer 
connecting ter.T.inals are exposed from the resin encapsulate, the 
electrical connection of the semiconductor device to the circuit 
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board can be surely providec. 

In accordance with the invention of clair, 3, the 
insulating and bonding processes for the semicor.cuctcr cr.ic and 
leads can be simultaneously conducted because the ccl vi.Tia- 
film, as an insulating member, interposed between the 
semiconductor chip and the leads serves as an adhesive. 
Accordingly, it is possible to simplify the structure of the 
semiconductor device while achieving an easy . fabri cation of the 
semiconductor device, as compared to the case in which the 
insulating member and the adhesive are separately provided. 

In accordance with the invention of claim 4, each 
protrusion is integrally formed with an associated one of the 
leads. Accordingly, it is possible zo achieve a simplification 
in structure, as compared to the case in which the protrusion 
and lead are formed using separate materials, respectively. In 
accordance with the invention of claim 5, a wire is used for the 
connection between the electrode pad and lead. Accordingly, it 
is possible to achieve an easy connection for the wire between 
the electrode pad and lead. 

In accordance with the invention of claim 6, a bump is 
;ormed on each protrusion. Accordingly, it is possible to 
achieve an easy connection of the sem.iconductor device to the 
circuit board, as compared to the case in which the protrusion 
IS directly mounted on the circuit board. In accordance with 
the invention of claim 7, the leads and semiconductor chip are 
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bonded logether by maintaining the poiyiir.ide fiir. at a certain 
temperature and a certain pressure, thereby causing the 
polyimide film to serve as an adnesive. Accordingly, the 
insulating and bonding processes for the leads and ser.izcr.z-zzz 
chip can be simultaneously conducted. 

Since each electrode pad formed on the semiconductor chir 
is connected to an associated one of the leads by means of a 
wire in the bonding process, it is possible to vary the layout 
of the leads with respect to the layout of the electrode pads b 
selecting an appropriate connection method. The fabrication of 
the semiconductor device involves only four processes, that is, 
a lead forming process, a bonding process, a connecting process 
and a resin encapsulating process. Since the fabrication of 
semiconductor device is achieved using a reduced number of 
processes, as mentioned above, an improvement in production 
efficiency is obtained. 

In accordance with the invention of claim 8, an easy 
bonding process can be achieved because the bonding process can 
be conducted without a control for the temperature applied to 
the polyimide film within a desired range. 

In accordance with the invention of claim 9, the 
connection between the electrode pads and the leads can be 
simply and surely achieved because the electrode pads a.-.d leads 
are electrically connected together in accordance with a direct 
lead bonding process. In accordance with the invention of claim 
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10 and the lead pitch of the outer lead pcrtior.s :s less 
than the lead pitch of the inner lead portions. Acccrdincly, 
the inner leads can cope with a small pitch ct the elertrode 

pads on the semiconductor chip to which the ir.ner leac c 

are electrically connected, rurtherncr.e, the r.ountir.c 
efficiency of the semiconductor device to the circuit board is 
improved because the lead pitch of the outer lead portions 
electrically connected to the circuit board is leroe. Since 
each protrusion is formed on an associated one cf the outer lead 
portions, it can be used as an outer connecting terminal. 
Accordingly, it further improves the mounting efficiency. 

In accordance with the invention of claim 22, it is 
pczsiDl^ to form leads each integrally formed with a protrusion 
by conducting a primary etching process for the blank in 
accordance with a half-etching method in such a fashion that the 
blank has a reduced thickness at its portion except fcr the 
region to be formed with the protrusions a.nd t.hen conducting a 
secondary etching process for the thickness-reduced portion of 
the blank to form the leads. 

The pitch of the leads is detenr.ined by the thickness of 
the blank upon forming the leads. In other words, it is only 
possible to form leads having a pitch substantially equal to the 
thic>:.ness of the blank. Accordingly, a reduced lead pitch can 
be Obtained when the blank has a reduced thickness. 

Meanwhile, where leads provided with protrusions ere 
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forniec, the zhickness of the biank is deierminec by the r.e;c^: 
of the protrusions. It is impossible to form leads having a 
small pitch by simply etching the blank having a thickness erual 
to the height of the protrusions. In acccrcar.ce with tne 
present invention, however, ;t is possible to form leacs hevmc 
a small pitch, even when the leads have a structure provided 
with protrusions, by conducting a primary etching process for 
the blank in accordance with a half-etching method in such a 
fashion that the blank has a reduced thickness at its portion 
except for the region to be formed with the protrusions, and 
then conducting a secondary etching process for the thickness- 
reduced portion of- the blank to form the leads. As apparent 
from the above description, the pitch of the protrusions can be 
reduced to a pitch substantially equal to the thickness of the 
blank. 

In accordance with the invention of claim 13, the first 
and second blanks have thicknesses respectively selected m such 
a fashion that they have a total thickness corresponding to the 
height of the protrusions when they are overlapped with each 
other. For this reason, each of the first and second blanks has 
a thickness less than the height of the protrusions. In the 
lead pattern forming step, a lead pattern having the same shape 
as t.he whole shape of the leads is formed on the thin first 
blanic. Accordingly, it is possible to reduce the lead pitch of 
the lead pattern fcrmed in accordance wizh the above mentioned 
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relation between the blank thickneis and lead pitch. 

In the protrusion pattern forr.ing step, a protrusion 
pattern is formed on the second blank in such a fashion that it 
is arrar.ced at the protrusion fcrr.ino recicn. In the bcr.dinc 
step, the first and second blanks ere bonded together ir. a state 
in which they are overlapped with each other. The lead pattern 
and protrusion pattern are overlapped with each other at the 
protrusion forming region. The blank thickness at the 
protrusicn forming region corresponds to a desired height of the 
protrusions. At the removing step, unnecessary portions of the 
blanks are removed, thereby forming leads. 

Accordingly, a reduction in lead pitch is achieved 
because the thickness of the blank used in the formation of the 
lead pattern is small. On the other hand, since the lead 
pattern and protrusion pattern are overlapped with each other at 
the protrusion forming region, it is possible to form 
protrusions having a desired thickness. In accordance w-h the 
invention cf claim 14, the lead pattern forming step and the 
protrusicn forming step are conducted in a separate fashion. 
Accordingly, the thickness of a blank used can be selected 
irrespective of the height of the protrusion. Therefore, it is 
possible to reduce the pitch of a lead pattern when a thin blank 
IS used. 2n the protrusion forming process, it is possible to 
form protrusions having an optional height. An improvement in 
the freedom cf design is a}sc achieved. 
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In accordance with the ir.veniicn ct clciir.s 25 to IT, — 
is possible to easily conduct zhe protrusion forr.ino process. 

lEKBODIMEKTS] 

D Now, preferred enbocinents of the present inver.ticr. w^H 

be described in conjunction with the annexed drawings. Tics. : 
and 2 illustrate a semiconductor device 1 according to an 
embodiment of the present invention. Fig. 1 is a cross- 
sectional view cf the semiconductor device 1 whereas Fie. 2 is a 
10 bottom view cf the semiconductor device 

As shown in the figures, the semiconductor device 2 
mainly includes a semiconductor chip 2, a plurality of leads 3, 
a resin encapsulate 4, and bumps 5. The semiconductor chip 2 is 
provided at the central portion of its lower surface with a 
plurality of electrode pads 6 arranged in a line. Each of the 
leads 3 has an inner lead portion la and an outer lead portion 
3b. The leads 3 are bonded to the lower surface of the 
semiconductor chip 2 by means of a polyimide film 7. 

The polyimide film 7 serves as an insulating member for 
electrically insulating the leads 3 from a circuit surface 2A 
formed on the lower surface of the semiconductor chip 2. The 
polyimide film 7 aJso serves as an adhesive for bonding the 
leads 3 to the sem.iconductor chip 2 as described hereinafter. 
Since the polyiir.ide film 7 functions as both the insulating 
member and the adhesive, it is possible to simplify the 
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Structure of the semiconductor cevice 1 wr.ich ecMevir.= sr. easv 
fabrication of the semiconductor device i, as cor.pared zc the 
case in which the insulating member and the adhesive are 
seperateiy provided. 

Wires 6 are arranged between the inner leads 3c end tr.e 
electrode pads 6 of the semiconductor chip 2, respectively. The 
semiconductor chip 2 is electrically connected with the leads 5 
by the wires 6, respectively. A protrusion 9 is formed at a 
6e5izet position of the outer lead portion 3b included in each 
lead 3 in such a fashion that it is integral with the outer lead 
portion 3b. In most cases, the leads 3 having the above 
mentioned structure are erranoed cn the lower surface of the 
semiconductor chip 2. This arrangement is called a "lead on 
chip {LOO" structure. By virtue of this arrangement, the 
semiconductor device 1 can be miniaturized. 

The resin encapsulate 4 is r.ade of, for example, epoxy 
resin. This resin encapsulate A is formed in accordance with a 
molding process, as described hereinafter. The resin 
encapsulate 4 is disposed at the lower surface and side surfaces 
of the semiconductor chip 2 to have desired thicknesses, 
respectively. in the illustrated embodiment, the resin 
encapsulate < does not exist at the upper surface of the 
semiconductor chip 2, that is, a heat dissipation surface. 

The resin encapsulate 4 is cor.fig-jred in such a fashion 
that its thickness (indicated by the arrows H) from the surface 
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of the seiriconductcr chip 2 formed w:ih the electrooe pac«= £ 
thai is, the lower surface of the resin encapsulate is no- 
more than the height (indicated by the arrows w; fror. the lowe- 

surface of the resin encapsulate 4 to the tip cf tr.e z-z c 

9. but not less than the height (indicated by tne arrows r.-rr. 
the lower surface of the resin encapsulate 4 to the apex of a 
roof of the wire 8 (h S H s W) . By virtue of this 
configuration, at least the tip 9a of each protrusion 5 is 
surely exposed from the resin encapsulate 4. in this case, the 
es 6 and the leads 3, except for the exposed portions of the 
protrusions 9, are encapsulated by the resin encapsulate 4. 

Since the semconductcr device 1 of this eirJoodiment is 
configured in such a fashion that a desired portion of zhe 

semiconductor chip (that is, the portion except for the upper 
t 

surface) is encapsulated by zhe resin encapsulate, it is 
possible to achieve an improvement in heat resistance, 
wechanica: stren = t.-., and temperature resistance. Also, an 
improvement in the reliability of the semiconductor device 1 is 
achieved because the resin encapsulate 4 surely protects the 
wires B. m addition; it is possible to surely obtain an 
electrical connection to a circuit board 10 because at least the 
'ip 5a of each protrusion 5 serving as an outer connection 
terminal is surely exposed from the resin encapsulate <. 

Now, a description win be made in conjunction with a 
plurality of leads 3 arranged on the lower surface cf the 
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semiconductor chip 2 whi^e referring to Tig. 2. For the 
convenience of description, the resin encapsulate < arranges cr. 
the lower surface of the semiconductor chip 2 is rexcvec fror. 
"ic. 2. As shown in Tic. 2, the lescs 3 are cor.:: = jre= :r. sucr. 
a fasr.icr. that the lead pitch cf adjacent inner lead rrrtic-s Ic 
{indicated by the arrows Pin) is less than the lead pitch of 
adjacent outer lead portions 3b (indicated by the arrows Pout), 
in detail, the lead pitch Pin of the inner lead portions 3a 
corresponds to about half the lead pitch Pout rf the outer lead 
portions 3b (Pin - Pout/2) . The lead pitch Pout of the outer 
lead portions 3b is substantially equal to the thickness W of 
each lead 3 at a region where the protrusion 9 is formed. 

Since the lead pitch Pin of the inner lead portions 3a is 
small as compared to the lead pitch Pout cf the outer lead 
portions 3b, the inner lead portions 2a can cope with a possible 
small pitch of the electrode pads 6 of the semiconductor chip 2 
to which the inner lead portions 3a are e:ectrica:iy connected. 
On the other hand, since the lead pitch Pout of the outer lead 
portions 3b (protrusions 9) electrically connected to the 
circuit board 10 is large, it is possible to achieve an 
improvement in the mounting efficiency of the semi co.-.ductor 
device } on the circuit board 20. 

Meanwhile, the semiconductor device 1 according to the 
Illustrated embodiirent has a configuration in which the 
electrical connection of the electrode pads 6 arranged on the 
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semiconductor chip 2 to the circuit board 20 is not achieved 
the bumps 5 directly formed on the electrode pads 6, but 
achieved by the wires B arranged between the electrode r>ads 6 
and the inner leads 3o. Acccrdincly, an electrical sicnal :rr 
each electrode pad 6 can be transferred to the outside cf the 
semiconductor device 2 via the associated lead 3 and wire 6. 
This makes it possible to set the layout of the leads 3 
irrespective of the layout of the electrode pads 6. 

In the case of Fig. 2, electrical signals from the 
electrode pads 6 centrally formed on the semiconductor chip 2 
are outwardly transferred via the wires 8 and leads 3. Also, 
the protrusions 9, which serve as outer connecting terminals, 
are arranged at the peripheral portion cf the semiconductor chi 
2. Where the electrode pads 6 ere formed at the peripheral 
portion of the semiconductor chip 2, as shown in rig. 3, it is 
possible to arrange the protrusions 5 serving as outer 
connecting terminals at a region inside the electrode pads 6 
because electrical signals from the electrode pads 6 can be 
outwardly transferred via the wires 8 and leads 3. Furthermore 
the protrusions 9 serving as outer connecting terminals may be 
arranged at a region outside the semiconductor chip 2, as shown 
in Fi g . 4 . 

Since electrical signals from the electrode pads 6 can be 
outwardly transferred using the leads and wires e, an 
improvement in the matching abi:ity of the semiconductor device 
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1 to the circuit board 10 is actievez. Zz is also pcssicle 
easily set the layout of the protrusions 9, which serve es outer 
connecting terminals, to be the layout of star.csrc outer 
connecting terninais. Acccrdincly, a reduction in the burden tc 
the user of the semiconductor device 1 is achieved. 

Now, a method for fabricating the semiconductcr device 1 
having the above mentioned configuration will be described. The 
semiconductor device 1 according to the present invention is 
fabricated using four basic processes, that rs, a lead forming 
process, a bonding process, a connecting process, and a resin 
encapsulating process, along with twc additional processes, that 
is, a bump forming process and a testing process. The 
fabrication method will be described in conjunction with the 
above mentioned processes, respectively. 

rigs. 5 to 9 illustrate a first embodiment associated 
with the lead forming process. This lead fcrming process is a 
process fcr forming a lead frame 11 which is a blank for forming 
the leads 3. Tor the formation of the lead frame 21, a flat 
blank 12 is first prepared, as shown in Fig. 5. The blank 12 
may be a lead frame blank made of, for example, <2 ALLOY and 
naving a thickness corresponding to the height w of the 
protrusions 5. 

Thereafter, a mask 13 (indicated by small dots) is 
arranged on the blank 12, as shown in Fig. 6. The mask 12 
covers a region (denoted by the reference numeral 1<) to be 
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fcrmec with the proirusions S end a recicn (denczec by ir*e 
reference numeral 15) to be formed with cradles. 

After the arranoement of the mask 2 3, a heif-etchinc 
prore55 (primary etching process) is cor.ductec fcr ir.e ziar.r. i: 
:r. tr.e illustrated embodiment, the helf-etchinc process :cr tr.i 
blank 12 is carried out an accordance with a wet etching meihcc 
(of course, other etching methods, for example, a dry etching 
method, may be used) . The etching time is set so that the 
thickness of an etched portion (the white portion m Fig. 6) 
corresponds tc about half the thickness W of the clank 12 {W/2) 

rig. 1 shows a state in which zhe mask 13 is removed 
after completion of the half-etching process. In this state, 
the blank 12 maintains the thickness W only at its portion 
corresponding to the region 14 to be formed with protrusions 9 
end its portion corresponding to the region 2 5 to be formed wit 
cradles 25. The remaining portion of the blank 12 (denoted by 
the reference numeral 16) has a thickness corresponding to W/2 
by virtue of the half-etching. 

After completion of the half-etching process as mentioned 
above, the blank 12 is subjected to another etching process 
under the condition in which a mask 27 (indicated by small dots) 
IS arranged to cover a rec:on (denoted by the reference numeral 
18) to be formed with leads 3 along with the region 25 to be 
formed with cradles. 

In accordance with the etching process (secondary etching 
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process), the portions of the biar.k }2 not covered w:tr. :he -a 
17 are removed. Thus, a lead frame 12 provided vitr. e plural;- 
of leads 3 having a structure as shown in Fig. r is cbtairec. 
If necessary, silver may be plated on a desired rcrtirr. c: fe 
lead frame 3} (corresponding to the regaor. formed w— r. tr.e leas 
3) . 

The lead frame 11 formed as mentioned above has & 
structure in which each lead 3 has an inner lead portion 3a, an 
outer lead portion 3b, and a protrusion 9 integrally formed 
together. In this structure, the protrusion 9 has a thickness 
corresponding to W whereas the inner lead portion 5a and the 
outer lead portion 3b except for its part corresponding to the 
region formed with the protrusion 9 have a thickness 
corresponding to W/2. 

The relation between the lead pitch and the thickness of 
the blank 12 will now be described. The pitch cf the leads 3 is 
determined by the thickness of the blank 12 upon fcrr.mg the 
leads 3. In other words, it as only possible to form leads 
having a pitch substantially equal to the thickness of the blank 
12. Accordingly, a reduced lead pitch can be obtained when the 
blank 12 has a reduced thickness. 

Meanwhile, where leads 3 provided with protrusions 9 are 
formed, the thickness of the blank 12 is determined by the 
height of the protrusions 9. It is impossible to form leads 
having a small pitch by simply etching the blank 12 having a 
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thickness ec'jei lo the heichi the prctr-sicr.s 9. ir. 
accordance with the present invention, however, it is pcssiMe 
to form ieads 3 having a small pitch (the lead pitch r-n in Tic. 
i2a), even when the ieads 3 have a structure prcviiec v:tr. 
protrusions 9, by conducting a prir.ary etching process ^cr tr.e 
blanh 12 in accordance with a half-etching method in such a 
fashion that the blank 12 has a reduced thickness (a thickness 
corresponding to about w/2> at its portion except for the region 
1< to be formed with the protrusions 5, end then conducting a 
secondary etching process for the thi ckr.ess- reduced pcrtion cf 
the blank 12 to form the ieads 3. for the same reason, the 
pitch Pout of the protrusions 9 (outer iead portions 3b) can be 
reduced to a pitch substantially equal to the thickness W of the 
blank 12. 

For instance, where a typical lead frame blank having a 
thickness of 0.10 mm is used, it is possible to obtain a minimum 
pitch Pout of the outer icad portions 5b and protrusions 9 
corresponding to 0.10 mm (Pout - 0.10 mm) and a minimum pitch 
Pin of the inner lead portions 3a corresponding to 0.05 mm {Pin 
- 0.05 mm). In the case of a typical lead frame blank having a 
thickness of 0.15 mm, it is possible to obtain a minimum pitch 
Pout of the outer iead portions 3b end protrusions 9 
corresponding to 0.1b mm (Pout « 0.15 m.T.) and a mini.mum pitch 
Pin cf the inner lead portions 3a corresponding to 0.075 mm (Pin 
■ 0.075 mm). Where a typical lead frame blank having a thickness 
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of 0.20 rjr. is used, iz is pcssitle to cbtair. a r.zr.ir.ur. z::cr. 
Pout cf the outer lead portions 3b and protrusions 9 
corresponding to 0.20 mm (Pout « 0.20 m.T.; and a r.inir.ur. citcn 
Fin of the inner lead portions 2c cor respcncing to C.i: rr. .?:.-. 
5 «= 0. :0 rrjr.J . 

On the other hand, the position cf each protrusion 9 :s 
determined by the position of the mask 13 shown in Fig. 6. That 
is, the position of each protrusion 9 can be optionally 
ceterm.ined by appropriately varying the position of the mask 23. 
:0 For this reason, the positions of the protrusions 9 serving as 

outer connecting terminals can be set within a certain degree of 
freedom in accordance with a lead forming method included in the 
illustrated embodiment. Therefore, it is possible to easily 
form the protrusions 9 at predetermined positions for standard 
^5 outer connecting terminals, respectively. 

Kext, a second embodiment associated with the lead 
form.in; process will be described. Tics. iO to IS illustrate 
the second emibodiment associated with the lead forming process. 
For the formation of a lead frame 20 in this embodiment, a first 
blank 21 shown in Fig. 10 and a second blank 22 shown in Fig. U 
are first prepared. 

The thicknesses of the blanks 21 and 22 are determined so 
that the total thickness obtained in an overlapping state of the 
blanks 21 and 22 corresponds to the height w of each protrusion 
5- In this embodiment, the thicknesses of the blanks 22 and 22 
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are sei lo be W/2, respectively. T.^e fclar.ks 21 ar.c 22 r.cve 
different thicknesses, respectively, in so far as tr.e r^tal 
thickness obtained in an overlapping state of the tiar.ks 22 ar.c 
22 corresponds to the height W cf each prctrusicr. r. 
z The first blank 21 shown :.n rig. : 0 is n.oce c: £ leac 

frame r.ateriai such as 42 ALLOY. This first blank 2: has a 
structure formed with a lead pattern 23 having the san\e pattern 
shape as that of the leads 3 when viewed in a plan view. This 
structure of the first blank 21 is obtained by previously 
20 conducting an etching process cr a press-punching process for 

the first blank 21. However, the lead pattern 23 of the first 
blar.k 21 has no protrusion in accordance with this lead forming 
process, as different from the lead forming process in which the 
protrusions 9 are formed. Accordingly, the lead pattern 23 has 
.5 a thickness of W/2 at the entire portion thereof. In .^ig. 10, 

the reference numeral 25 denotes a position determining slot 
which is formed during the fcrmeticn of the lead pattern 23. 

On the other hand, the second blank 22 shown m fig. 11 
is made of a lead frame material such as 42 ALLOY. This second 
blank 22 has a structure formed with a protrusion pattern 24, 
This structure of the second blank 22 is obtained by conducting 
&n etching process or a press-punching process for the second 
blank 22. The protrusion pattern 24 has a straight line pattern 
shape. In the protrusion pattern 24, regions to be formed with 
a certain nu.T^er of protrusions 9 are arranged in parallel while 
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being laterally spaced from cne another. Ir. r:c. :2, tr.e 
reference numeral 26 denotes a position deterir.ir.ir.o slot wr.irr. 
is formed during the fonr*ation of the protrusion pattern 24. 

The first and second blanks 21 anc 22 hcv:r.c ine abc^ve 
mentioned structures are then cveriappec wiih each c:ner hv 
verticaiiy aliening the position determining slots 25 and 2o 
with each other. In the overlapping state, the first and second 
blanhs 21 and 22 are bonded together. The bonding of the first 
and second blanks 2: end 22 n.ay be achieved using a conductive 
adhesive or a welding process. Fig. 12 shows the bonded state 
of the first and second blanks 21 and 22. 

In the bonded state of the first and second blanks 21 and 
22, the protrusion pattern 2< of the second blank 22 overlaps 
with protrusion forr.ing regions on the lead pattern 23 of the 
first blank 22. 

rig. :3 is a plan view illustrating, in a enlarged scale, 
the overlapping region between the lead oattern 23 and 
protrusion pattern 24. Also, Tic. l< is a cross-sectional view 
illustrating, in an enlarged scale, the overlapping region 
between the lead pattern 23 and protrusion pattern 24. As shown 
in rigs. 23 and i<, the lead pattern 23 having a thickness of 

corresponding to half the total thickness of the blanks 
overlaps, in a cross fashion, wirh the protrusion pattern 24 
having a thickness of w/2 corresponding to half the total 
thickness of the blanks. Acccrcincly, the regions to be formed 
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with the prorrusio.-.s 9 have a ihic^r.ezs w ccrresponcir.c -.c -.he 
total blank thickness. Accordingly, this thickness W is 
rendered to be the height of each p-otrusion 9 ("ig. :<i. 

After completion of the bondi.-,c process tzz the 
seccnc blanhs 7\ and 22, the resu-l-r.c s-.ructure :s parr-slly 
removed at its portion except for the portion where the lead 
pattern 23 and protrusion pattern 24 cross, using a pressing 
process or the like, thereby fcrjring a lead frame 20 having 
leads 2 integrally formed with protrusions 9, as shown in Fig. 

- C 

Similarly to the lead fra.me fabricated in accordance 
with the first e.-nbodiinent. each lead 3 cf t.he lead frane 20 
fabricated in accordance with t.his e.-rJsodiment has an inner lead 
portion 3a, en outer lead portion 3b, and a protrusion 9 
integrally forned together. In accordance with this embodiment, 
the lead pattern 23 can be formed to have a s.T.all pitch because 
the first blank 21 .has a thickness correspo.ncing to w/2. This 
will be apparent by referring to the above mentioned relation 
between the lead pitch and the blank thickness. 

Meanwhile, the position of each protrusion S is 
determined by the position of t.he protrusion pattern 2< formed 
at the second bla.-.k 22. That is. the position cf each 
protrusion 9 can be optionally determined by appropriately 
varyi.^g the position of the protrusion pattern 2< . For this 
reason, t.he positions of the protrusions 9 serving as outer 
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connecting terminals can be set withm a certain decree 
freedom in accordance with the lead forrr.inc method includec ir. 
this embodiment. Therefore, it is possible to easily form the 
protrusions & at predeterr.ined positions fcr star.dcrd cuter 
connecting zermir,&ls, respectively. 

After the lead frame 11 or 20 (in the following 
description, only the lead frame 11 will be referred) is 
fabricated in accordance with the above mentioned lead fcrmino 
process, a bonding process for bonding the lead frame 11 and 
semiconducrcr chip 2 together is conducted. Now, the bonding 
process will be described in conjunction with Figs. 16 to 20. 

In this bonding process, gold is plated on the inner lead 
portions 3a of the lead frame 11 at regions where wires 8 are to 
be bonded in a subsequent connecting process, thereby forming 
bending areas 21, as shown in Tig. 16. 

Also, a polyimide film 7 is arranged on the surface of 
the semiconductor chip 2 formed with the electrode pads 6 in 
such a fashion that only the electrode pads 6 are exposed. The 
polyimide film 7 is made of a polyimide material having a glass 
transition point of 100 to 300 'C. In the state of rig. n, the 
polyimide film 7 is simply in a state laid on the semiconductor 
chip 2. In order to prevent the polyrmide film 7 from being 
separated from the semiconductor chip 2, accordingly, the 
semiconductor chip 2 is arranged in such a fashion t.hat its 
surface formed wiih the electrode pads € is upwardly positioned. 
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In oi.*^er words, the seir.i conductor chip 2 is ir. a bare chip state 
not encapsulated by resin. The polyiir.ide iLlm 7 r.ay be 
previously formed on the semiconductor chip 2 durir.g a wafer 
process for forr.ino the semiconductor chip 2. 

Subsequently, the lead frame 11 shown in ":c. 16 is ia.z 
on the semiconductor chip 2 on which the polyimide film 7 is 
laic. The leads 3 (inner lead portions 3a) formed on the lead 
frame 11 face, in a high accuracy, the electrode pads 6 formed 
on the se.riconductor chip 2. Thus, the position of the lead 
frame 11 is determined. 

After the lead frame 11 is laid in position on the 
se.T.iconductor chip 2, as mentioned above, a die 28 is lowered to 
press the lead frame 11 against the semiconductor chip 2, as 
shown in Fig. 19. The die 28 is equipped with a heating unit. 
Heat generated from the die 28 is applied to the polyimide film 
via the lead frame 11. 

The polyimide film 1 typically serves as an insulating 
member for electrically insulating the sem.iconductor chip 2 and 
lead frame 11 from each other, as in conventional cases. 
However, the inventors found the fact that the polyimide film 7 
can serve as an adhesive when it is under a certain condition. 
In detail, where the polyimide film 7 is made of a poJyimide 
material having a class transition point of 100 to 300*C, it can 
serve as an adhesive when it is heated to a temperature higher 
than the glass transition point by :00 to 200'C while being 
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applied with a pressure ci • :o :o Kcf/cr.-. 

In view of the above mentioned fsct, the po:y:r.:ce 
is heated to a temperature h.cher than the c';.^« 
poir.t by :00 to 200'C by the he=ter equipped ur. the --- 
hor^ZLr.z the semi ccnductcr chip 2 lead frame 6 = ch c- 

whiie bei.c applied with a pressure of : to 10 Kcf/c.- by the 
die 28 in accordance with the present invention. Accordingly, 
the polyimide film 7 can serve as an adhesive. T.hus. it is 
.oossitle to bond the ser..=o.-,=.ctor chip 2 and lead fra.ne 11 to 
each other by means of the poiyimice film 

:n accordance with the above mentioned configuration, it 
is u.-,necessary to use a separate adhesive for bondi.-.; the 
semi=o.nductcr chip 2 and lead fra.-ne 11 to each other, as 
co.T.pared to conventional cases using a pclyimide fil,,. 
Accordincly, it is possible to achieve a reduction in costs and 
a reduction in the .-.umber of processing steps used m the 
fabrication of t.he semiconductor device 1. rig. 20 illustrates 
a state in which the semiconductor chip 2 and lead frame 11 are 
bended to each other by the polyimide film 7. 

Although the bonding between the semiconductor chip 2 and 
:ead frame 11 is achieved in accordance with the bonding method 
"=^--^9 the polyimide film 7, it may be achieved using ot.her 
methods, ror example, the bonding between the semiconductor 
Chip 2 and lead frame 11 may be achieved using a method in which 
an ad.hesive is applied to both surfaces of t.he polyimice film 
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interpcsed between ihe seir.: conductor chip 2 and ieac frarr.e I*, 
as in conventional cases, where this method is used, i: is 
unnecessary to carry out a teir.perature control ar.c a tressure 
control fcr the polyimide film. Acccrdincly, the tcr.zLr.c 
process is sirr.ply achieved. 

After the semiconductor chip 2 and lead frame are 
bonded to each other in accordance with the bonding process^ a 
connecting process is carried out to electrically connect the 
leads 3 formed on the lead frame }2 to the electrode pads 6 
formed cr. the semiconductor chip 2 by means of wires 6, 
respectively. 

Fig. 22 illustrates a process for mounting each wire (fcr 
example, a gold wire) B between the bonding pad 27 (Fig. 16) 
for-T.ed on an associated one of the leads 3 and an associated one 
of the electrode pads 6 using capillaries 29. As well known, it 
is desirable for each wire 8 to be short in terms of an 
improvement in the electrical characteristics of the 
se.T.iconductor device 1. On the other hand, in terms of a 
miniaturization and thinness of the semiconductor device 1, it 
is desirable for each wire 8 to have a low roof. 

For this reason, it is preferred that a low-roof bonding 
process be used in mounting the wires B. For such a low-roof 
bonding process, a variety of methods are known. For exam.ple, a 
method may be used in which each wire 8 is bonded at one end 
thereof to an associated one of the electrode pad 6 formed on 
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ihe semiccnducter clip 2 and rher, bcnsed a: the ether e-- 
thereof to an associated one of the leads 3 by upwardly r.evi- 
the capillary 29 associated with the other end cf the w>.-e E. 
and then hori2ontol2y movi.-.o the ce = i::cry 2f. a -e----' 
c "reverse stsir.pinc metiiod" rr.cy aiso be used. 

Since the leads 3 and electrode pads 6 are electrically 
connected together in accordance with the wire bondino process, 
it is possible to achieve the connecting process in an easy 
fashion and in a high accuracy. The shaping and connection of 
each wire 8 between the associated lead 3 and electrode pad 6 
can be carried out within a certain degree of freedom, rig. 22 
illustrates t.he state of each wire e mounted between t.he 
associated lead 3 and electrode pad £ after t.he connecting 
process is conducted. 

After the leads and electrode pads € are electrically 
connected together in accordance with the connecti.ng process, a 
resin e.ncapsulati.ng process is carried cut to fcr,r. a resin 
e.-.=apsulate < at a desired portion cf t.he semiconductor chip 2. 
r.his resin encapsulating process will now be described in 
conjunction with rigs. 23 to 25. 

rig. 23 illustrates a state m which the semiconductor 
Chi? 2 mounted with the lead frame and wires B is loaded in a 
meld 30. T.he mold 30 includes an upper .T.oid 3- and a lower mold 
3-. The lead frame 11 is clamped between the upper and lower 
r.=lds 31 and 32. Thus, the semiconductor chip 2 is mounted in 
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the :t.o16 30. 

The upper moid 31 is cor.figvzea to co.-re i.-.ro ccr.tact wit;- 

the protrusions 9 and the cradles 33 of — ,e ^p^- '--^o -. ^ . 

loaded siate of the semi cor,cuctcr c*"'c 2 c-.^- ..^ » 

• -«.,,^t: .-rctr'jsicr. 5 

& r,ave -.he same heich: as. the c.-ccles 3-, the upper r.olc -i 
ff.ein-.air.s a flat plate shape. The iower mold 32 has a cavity 
defined with a space at each side of the semiconductor chip 2 
loaded in the lower mold 32. The lower surface cf the 
ser:i conductor chip 2 is in contact with the lower surface of t.he 
cavity 23. 

Since the upper mold 31 used in the resin e.-.capsulating 
process has a flat plate s.hape, and the cavity 33 defined in the 
lower mold 32 has a simple structure, it is possible to reduce 
t.he costs taken in the ma.nufacture cf the mold 30. Accordingly, 
a reductio.-. in the costs taken i.-, the fabrication cf the 
semiconductor device 1 can be achieved. 

"ic. 2< illustrates a state in w.hich a resm encapsulate 
< (i.ndicated by. a number of small dots) is molded in t.he mold 
30. As the resin encapsulate 4 is molded in the mold 30, the 
peripheral surface of the semiconductor chip 2 except for its 
upper surface (viewed as a lower surface in rigs. 23 to 2b) 
contacting the lower mold 22 is encapsulated by the resin 
encapsulate <. The leads 3 and wires 6 mounted to the lower 
surface of the semiconductor chip 2 ere also encapsulated by the 
resin encapsulate 4. Also, each protrusion 5 except for its 
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pcr-on conrac::.c rhe upper rcl. 32 e.cap..:a,ed ..e 
resin er.capsuiate <. 

Fig. 25 illustrates a state ir. which the ses-.icc--= 

chip 2 encapsulated by the res:r. er-cac-.-g-. < ..... 
I the ncld -0. Shown ,,,, ,,,,,,, 

-.he se.x:concuctor chip 2 is exposed fro. the resin encapsulate 
<• Accordingly, U is possible to efrectively dissipate heat 
cenera-.ed fro™ the semiconductor chip 2 at the exposed upper 
surface 2a. r.he e..d o, ,,,, p.-otrusion . is also outwardly 
:0 exposed fro. the resin encapsulate 

can be used as an outer cor.nectin, tern-.inai. 

A semiconductor device is obtai..ed by cutting the lead 
from the structure shown i.n rig. 25 along portions 
i.-.dicated by a dotted line in ric. 25. Although .t.his 
se;r.icc.-.=uctor device can achieve the sar.e effec-. as the 

ssT.ico.-5ductor device shown in -ic. • -xb-K--. 

- exhioizs a oesradation 

in the mour.ti..g efficiency t.hereof to t.he circ-t board 20 
because the end of each- protrusion 9 serving as an outer 
connecting terminal is substantially flush with the surface of 
the resin encapsulate «s shown .n rig. 25. To this end, in 
accordance with the illustrated en-^od.ment. a bun-.p forming 
.process for forcing a bump 5 on the end 5a is conducted after 
completion of the resin encapsulating Process. Hereinafter, the 
b-u.,p ;=rr.:ng process will be described i.. con.unctrcn wi:. rigs. 
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In the b-jr.p forir.ino process, l^.e £en^.i cc.-,3-.-ri:.- c- - 
enccpsuiated by the zesin er.capsuicie < :s s-Jtjer:e: e - 
process at the entire surface thereof, as shcr. ir. -;c ''c 
this hs.-.ir.s process, a resin iayer existir.c or. the er.c ri z 
eacr. =rctrus:cr, S is compiete:)- remcvec, there cajs:.-.: t.-.e 
i& iz ce =o.T.p:eteIy exposed. After compietion of tr,e - = r.:- 
process, t.he semiconductor chip 2 encapsulated by the resin 
encapsulate 4 is inunersed in a soider bath 24. there-y cacsi 
the e.-.ci fa of each protrusion 5 to be plated by sclcer. The 
plated solder filir. is denoted by the reference r.u.-:.er6l 2i. ■ 
solder used in the solder plating process nay be one having 
co.Tpcsition cf ?b : Sn - 1 ; 5. rig. 28 shows a state in wh 
a solder film 35 is formed on the end 5a of each protrusion 
accordance with the solder plating process. 

After completion of the above .T.entiened scider plating 
process, a bump 5 is formed on the end 98 of each protrusion 
for.T,ed with t.he solder film 25. The fcr.T.atior. cf the bump 5 
be carried out using- various methods. For example, a 
conve.-:cional bump forming method capable of effectively and 
easily forming bumps 5 may be used. rig. 29 shows a state in 
Which bumps 5 are formed on the ends 9a of t.he protrusions 9, 
respectively. 

After the formation of the bu.np £ on the e.~.d fa cf each 
protrusion 9, a process for cutting the lead frame IJ at 
positic.-.s indicated dotted lines in .^ic. 29 is carried out. 
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After the cuttir.c prccejs :s ccr.pleted, a sex: cor.curtcr =ev::. 
Shown in Fig. 30 is cbtcir.ed. Prior to the process iz: c--.-.,- 
the lead frame 12, the portions of tne lead frer.e :: :z 
r.£y be subjected to a half-etchi.-c process croer tc allcw 
cjtti-c process to be r.cre easily co.-.cjctec. 

A testing process is then conc-jcted for the ser: cc.-.djctr 
device 1 fabricated as mentioned above, in order to deterr.ine 
whether or not the fabricated sen-.i conductor device 1 operates 
r.crr.a::y. Tics. 3- to 33 illustrate different testing methods 
for the seir.i conductor device 1. respectively. The testins 
method Shown in fie. 31 uses a socket 36 having a configuration 
for mounting the bumps £. In accordance with this testing 
method, a test such as a burning test is conducted m a state 
the semiconductor device 2 is mounted cn the socket 36. 

rhe testing method shown in Fig. 32 is a method fcr 
testing the semiconductor device 1 using probes 37. 
semiconductor device 1 has a structure m which the end cf each 
lead 3 is exposed from t.he side surface of the resin encapsulate 
4. In view of this structure of the se.Ticonductor device 1. the 
testing method is adapted to test the semiconductor device 1 
«i.ng the probes 37 contacting the leads 3 exposed from the 
resin encapsulate <. m acccrdance .-.-r. this testi.ng method, it 
is possible to conduct the testing process even after t.he 
se.T.ico.ndu=tor device 1 is mounted on the circuit board -0. 

33 illustrates a mounting process fcr mounting the 
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sen-.:condJC-.cr device : cr. -.he z-.rzj-. bcc.-d }C. r.^e process 
mo--.-)ting the sen:: conductor device i on the circuit beard -0 car 
be achieved using a variety cf weil-know.-. wet^ods . Tcr 
instance, en infrared reflcw method r.ay be used. :- s:crrda--e 
with this infrared reflcw r.etr.oc, each bur.p S fcr-ed z- :.-.e 
ser.icond-.ctcr device 1 is terr.porarily fixed to an associated cne 
of electrode portions 26 for.-red on the circuit board :c suing a 
paste. The bun-.p 5 is then r.eited by an infrared reflow furnace 
erra.nced over the semi conduct cr device 1. thereby ceusino it to 
be bonded to the associated electrode portion 2B. 

Now. examples modified from the above mentio.-.ed 
semiconductor device fabriccticn method win be described. 
Tics. 3< to 37 illustrate modified structures of t.he protrusio.ns 
9. respectively. Tigs, 3<A and 3<B illustrate a protrusion 9A 
.havi.ng a circular column s.hepe, respectively. Also. Tiz. 3<c 
illustrates a protrusion 53 ..avinc a square column shape. That 
is, the protrusion may have various planar shape, as m the 
protrusions 5A, and ?B. The protrusion can have an optional 
shape in accordance with the bonding characteristics of the 
5 and the shape of the electrode portion 3B formed on the 
circuit board 10. for example, the protrusion 9. 5A or ?S is 
formed using an etching method, it can .have a desired planer 
shape by appropriately selecting the s.hape of the mesk 12 
arra.nced at the protrusion forming region •< shown in .-ig. 6. 

The protrusion may also heve a st.-ucture proviceS with a 
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rojr,= rece££ et the upper surface :^6rer;, es :r, -.he =r:tru' -- 
SC shown in Tig. 35(A). Also, the protrusior. r.ay have a 
structure provided with a iujnp at a centra: portion cf the ucpe- 
surface thereof, as in the protrusion 92 shown in Tie. 2bz. --e 
prctrusicn r.ay eiso have a structure prpvioeti w-j, a rectancular 
recess at a central portion of the upper surface thereof, as :n 
the protrusion SE shown in Tig. 35C. In all the protrusions ?C 
tc 5E, it is possible to obtain an increased protrusion surface 
area resulting in an improvement in the bcndability to the bur.p 
r. rurthermore, the protrusions 5C to 51 ere adapted to be 
fixed to the lead 3 at a desired protrusion forn-.ms recion. 

?.eferring to Tig. 35D, a protrusion 5T is illustrated 
which IS formed m accordance with a cirect plastic deformation 
cf the lead 3 by a pressing process. In this case, the 
prctrusicn rf can be easily fer.med usinc a desired process such 
as a pressing process. However, this method has a problem in 
that the protrusion 9r cannot have a height more than a 
:i.T.iteticn for the plastic deformation. 

Referring to Tig. 36. a protrusion 9G is illustrated 
w.hich is formed by forming a stud bum? at a desired protrusion 
forming region in accordance with a wire bondi,~,g technique, 
-••ig. 3£A illustrates a method for forming the protrusion 5G 
whereas Tic. 3€B illustrates, in an enlarged scale, t.he 
protrusion 5G. 

Where the prctrusio.n 50 is fcr.T,eQ to have a stud bump 
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shape in accordance witj, a wire bcncir.c techr.-.e, i-. 
possible for the protrusion SG to be fcrr.ed e: &r. c— a<. 
position. The protrusion 9G serving as ar. outer ctr.r.ectins 
ter.T.i-e: can aiso be easily forneo at a cesir^- = = s:-.;c-. 
i=rr.ation of the protrusion 9G can be ach:eved s .r..l -.ar.eo.s : y 
w.th the nounting of the wires 5 conducted in tne cor.r.ect.nc 
process included in the semiconductor device fabrication 
process, r.hus, the entire fabrication process is sir.piified. 

The height cf the protrusion 9G can be optionally set by 
vertically overlapping a plurality of stud bur.ps toget-^er. 
Heferri.-.g .0 fig. 37A. a protrusion =H is illustrated wh.ch is 
for.,ed by vertically cverlappi..^ ,;,,ee stud bu.-T>ps together. I:, 
this case, the protrusion in .^as an increased height, as 
cor.pared to t.he protrusion S3 of rig. 3€B constituted by o.ne 

A.-.cther method for increasing the .height cf the 
protrusion is illustrated in rig. 37a. m accordance w::. 
nethod cf rig. 57B, a conductive .member <1 having a plug shape 
is fixed to the lead 3 by means of a co.nductive ad.hesive. A 
stud bump <2 is then formed cn the conductive meri^er <1, as 
Shown in rig. 37c. so that the overlapping co.-,ductive member <l 
and stud bum.p <2 cooperate to form a protrusion c.- . ,„ ,,,, 
"se. t.he .height of the protrusion 5: determined by the 
••weight Of t...e conductive me.,«er Ac=crdi..cly. the height cf 

the protrusion „n be opt.or.ally set by usi.ng a plug-shaped 
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conductive r.er±>er havinc a diverge e 'r- -^^ 
conductive member 41. 

r-ig. 56 illustrates a modified bonding process. Aliho-^- 
tbe se.T.i ccndjrtcr chip 2 an- -p^- ' 

us.r.o '.y.e po:y.r.,=e fi:., 7 .erv.:,= as a., adhesive ur.cer a 
certain condition in accordance w,,h the above ment:cr.e = 
enbodiment. as shown in Figs. 16 to 20. they may be bonded 
tooether using a tape-shaped adhesive <5 in place C the 
polyijr.ide fi In-. 7. 

The tape-shaped adhesive <5 r-ay be formed net cr.:y st rw. 
upper surface of the semiconductor chip 2, bur aiso at the iowe 
surface of the iead frame •:, as show- in rig. 36. 
Alternativeiy, the tape-sheped adhesive <5 may be formed only a 
the lower surface of the iead frame. Turthermcre, the 
distribution range of the tape-sheped ad.hesive <5 may be freeiy 
set in so far as it is within a ra.-.oe indicated by the arrow x 
in Fig. 28. except for the region w.here the electrode pads 6 art 
formed. In addition, it is necessary for the tape-shaped 
adhesive <S to be an insulating adhesive because the 
semiconductor chip 2 and 2ead frame 31 should be electrically 
insulated from each other. 

Tics. 35 to <2 illustrate modified embodiments of the 
con.necting process.' respectively. Alt.hough the wires e are used 
for t.he =o.-.nection between the electrode pads 6 and the leads 3 
in accordance wi-.h the above mentioned e.-riodiment. as shown in 


Figs. 2} ar.d 22, a direct :eac bzr.zLr:- r.ethoc is usee to 
directly bond the electrode pads and leads 3 together ir. 
accordance with the modified errJ^odi.T.e.'^ts cf Tics. 2t to 4:. 

Zr. the eriodiment cf Tics. 35 ar.d each :ecd 3 15 
directly bonded to an associated cr.e of. the electroce tacs - 
usinc o bonding tool <6 connected :o, for example, an ultrascr.ir 
vibratcr. In this configuration, however, the electrode pad c 
n".ay be damaged by the bonding tool <6 vibrating at an ultrasonic 
frequency. :n the embodiment of Tigs. and <2, a stud bu-T.p 
<7 is nvounted on each electrode pad 6. The stud bur.p is then 
melted by a heating unit 48 in a state in which it comes into 
contact with the lead 3, thereby causing the electrode pad € to 
be connected to the lead 3. In accordance with this connecting 
r.ethod, there is no damage to the electrode pad 6. An 
improvement in the reliability of the connecting process is also 
achieved. 

■n accordance with the connecting processes cf Tigs. 3? 
to 42, it is possible to achieve a reduction in electrical 
resistance, as compared to a configuration in which the 
connection between the electrode pads 6 and the leads 3 is 
provided by the wires 8. Accordingly, an improvement in the 
electrical characteristics cf the semiconductor device } is 
achieved. The sem.iconductor device 1 also cope with a high- 
speed semiconductor chip. 

Tics. 43 and 44 illustrated a r,czifie;i embodiment of the 
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resin encapsui sting process. In the above r.er.tior.ea er^cci-er: 
the botioin surface of the cavity defined ;r. the lower xzic 22 
included in the mold 30 :s in direct ccr.tact vizt tr.e jprer 
surface 2a of the serr.icond-jct cr z^.ip 1, The upper surface Za c 
the ser.iconcuctcr chip 2 :s net encepswlatec by the resir. 
encapsulate < so that it serves as a surface for iirprcvmr the 
heat dissipation characteristics. 

Under strict environment, for example, high- ter.perature 
envircnr.ent , th*» semiconductor device I r.ey reauire a 
temperature resistance rather than the heat dissipation 
characteristics. In such a case, it is necessary to completely 
encapsulate the semiconductor chip 2 by the resin encapsulate 4. 
.-.eferrinc to Tics. 43 and <<, a mold SO is illustrated which is 
conficured to completely encapsulate the semiconductor chip 2 by 
the resin encapsulate 4. 

In detail, a cavity 52 defined in a lower m.cld 51 is 
spaced apart from the peripheral surface of the semiconductor 
chip 2 at its side surface, as shown in Tig. <3. Accordingly, 
when the resin encapsulate < is molded in the mold, the 
semiconductor chip 2 is completely encapsulated by the resin 
encapsulate <, as shown in Fie. 44. The formation region of the 
resin encapsulate 4 encapsulating the se.T.i conduct or chip 2 can 
be optionally set by appropriately varying the shape cf the 
cavity 33 or 52 cf the mold 30 or 50. 

Where the upper mold 31 has a recess for mountinc the 
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protrusion £ formed on eaz>, leac 2 therein, it is possible tc 
obtain a serr.i conductor device 60 in which the protrusion & is 
greatly protruded from the resin encapsulate A, as showr. i:: ric 
4E. The sexicor.cuctor device 60 snovr. ir. Tic. <b exr.iciis a- 
ir.provec T.cur.tir.c efficiency to the circuit board :c retause :r, 
protrusion & is greatly protruded from the zesin encapsuiste <. 
Also, it is unnecessary to form the bumps 5, as in the above 
mentioned en±>odiments . Accordingly, it is possible to simplify 
the fabrication process for the seri conductor device 60. 


iZTTtZTS or THE INVENTION) 

As apparent from the above description, various effects 
are obtained in accordance wi-h the present invention. 

In accordance with the invention of claims I and 2, it is 
pzsBib:i,e to achieve an improvement in heat resistance, 
mechanical strength, and temperature resistance. Since the 
electrode pads and leads are connected together using wires, it 
is possible to set the layout of the leads irrespective of the 
layout of t-he electrode pads. An improvement in the matching 
ability of the semiconductor device to the circuit board. The 
resm encapsulate provides an improvement in reliability because 
It surely protects the connected wires. Since the outer 
connecting term.inals are exposed from the zesir. encapsulate, the 
electrical connection of the semiconductor device to the circuit 
board can be. surely piovize^. 
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Ir. accordance with the ir.venrion cf c2a:.rr. 3, the 
insulating and bonding processes fcr i.he serr.iconductcr chip a-.d 
leads can be simultaneously conducted because the polyir.ice 

£5 art ir.su latino nember, interposed between the 
ser-irrnductor chip and the leads serves, as an adhesive. 
Accorcmcly, it is possible to simplify the structure of the 
ser.iconcucior device which achieving an easy fabrication cf the 
semiconductor device, as compared to the case in which the 
insulating mer±>er and the adhesive are separately provided. 

In acccrcance with the invention of claim A, each 
protrusion is integrally formed with an associated one of the 
leads. Acrorcincly, it is possible to achieve a simplification 
m structure, as compared to the case in which the protrusion 
and lead ere for.T.ed using separate materials, respectively. in 
ecccrdance with the invention of cleir. z, a wire is used for the 
cc.-.necticn between the electrode pad end lead. Accordingly, it 
IS possible to achieve an easy connection for the wire between 
the electrode pad and lead. 

In accordance with the invention of claim 6, a bump is 
formed on each protrusion. Accordingly, it is possible to 
achieve an easy connection cf the semiconductor device to the 
circuit coard, as compared to the case in which the protrusion 
is directly mounted on the circuit boerd. In accordance with 
.he invention cf clai.-n 7, the leads and semiconductor chip are 
bonded together by maintaining the polyimide film at a certain 
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terpercture and a certain press-jre, t^.ereby causing the 
poiyimide film to serve as an adhesive. Acccrcincly, :he 
insulating and bonainc processes for the leads and sexi ccndurtc- 
chip can be si.tuI taneo-jsl y ccnzszzeo. 

Since each electrode pad fcr.T:ed on the ser.i concjct cr cr.ic 
is connected to an associated one of the leads by means cf a 
wire in the bonding process, it is possible to vary the layout 
cf the leads with respect to the layout of the electrode pads by 
selecting an appropriate connection method. The fabrication of 
the se.T.iccndjctor device involves only four processes, that is, 
a lead forming process, a bonding process, a connecting process, 
and a resin encapsulating process. Since the fabrication of 
semiconductor device is achieved using, a reduced r.^^T^er of 
processes, as mentioned above, an i.T.provement in production 
efficiency is obtained. 

In accordance with the invention cf claim 8, an easy 
bonding process can be achieved because the bonding process can 
be conducted without a control for the temperature applied to 
the polyimade film within a desired range. In accordance with 
the invention of claim 9, the connection between the electrode 
pacis and the leads can be simply and surely achieved because the 
electrode pads and leads are electrically connected together m 
accordance with a direct lead bonding process. 

-n accordance with the invention of claim 10 and 11, the 
lead pitch of the outer lead portions is less than the lead 
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pitch of the inner lead porticns. Acccrcir.cly, the inner Letz: 
can cope with a 5ir.all pitch of the electrode cads or the 
semiconductor chip to which the inner lead portions are 
electrically connected. Furtherncre, the r.ountmc e:::r;encv c 
the semiconductor device to the circui t . beard is in;prcved 
because the lead pitch of the outer lead portions electrically 
connected to the circuit board is large. Since each protrusion 
is formed on an associated one of the outer lead portions, it 
can be used as an outer connecting terrr.inel. Acccrdincly, it 
further improves the mounting efficiency. 

In accordance with the invention of claim 12 and 13, it 
is possible to easily form leads of a sr.all pitch integrally 
formed with protrusions. In accordance with the invention of 
claim K, the lead pattern forr.ing process and the protrusion 
forming process are conducted in a separate fashicr^. 
Accordingly, the thickness of a blank used can be selected 
irrespective of the height cf the protrusion. Therefore, it is 
possible to reduce the pitch of a lead pattern when a thin blank 
is used. In the protrusion forming process, it is possible to 
form protrusions having an optional height. An improvement in 
the freedom of design is also achieved. 

In accordance with the invention of clair.s 25 to 17, it 
is possible to easily conduct the protrusion for.T.mg process. 


